urgently needed, because improvements in MRI screening practices have greatly increased detection rates, 41 and prophylactic detethering is sometimes performed. 3, 39, 41 This study has aimed to compare the long-term outcomes, lower-limb neurological abnormalities, and bowel and lower urinary tract symptoms (LUTS) among patients with ARMs from our institution who also had SCAs that had been managed conservatively, in comparison with patients from our institution with the same types of ARMs but who had a normal spinal cord. To our knowledge, such a detailed comparative evaluation has not been previously undertaken.
Methods

Patient Population
This was a single-institution, cross-sectional study. After institutional ethical board approval, the imaging records of all male patients treated for rectourethral fistula (RUF), and all female patients treated for vestibular or perineal fistula (VF/PF) between 1983 and 2006 were reviewed by a consultant pediatric radiologist who was blinded to the clinical details and outcome. Exclusion criteria were extensive sacral anomalies (< 3 segments remaining), meningomyelocele, and Currarino syndrome. Case records of eligible patients were reviewed for operative details and lower-limb neurological findings. Bowel function and LUTS were assessed based on a postal questionnaire that had been answered voluntarily by the patients. An independent investigator without involvement in the surgical care of these patients conducted the survey. Patients with major cognitive impairment (n = 2) or temporary colostomy at the time of the study (n = 1) were excluded from the functional outcomes assessment. Outcomes for patients with SCAs were assessed in relation to patients with the same type of ARM and clinical management but with a normal spinal cord.
radiological evaluation
Termination of the CM inferior to the L-2 endplate by a line subtended perpendicularly to the long axis of the spinal cord was considered abnormal. 21, 24, 38 The level of CM termination was confirmed by counting upward from L-5 to overcome the effects of fused, hemi-, extra, and/or transitional vertebrae in the cervicothoracic region, if present. In 1 patient with lumbarization of S-1, this vertebra was identified as L-5, and by counting downward from the last ribbed vertebra (T-12) we established the same conus level. A syrinx was considered to be present if the central canal was > 2 mm in diameter over a distance of ≥ 2 vertebral bodies. 40 A filum terminale lipoma was defined as a fatty mass that connected with the leptomeninges or spinal cord.
Questionnaires Used
Bowel functional outcomes were assessed according to the multivariate Bowel Function Score (BFS) of Rintala and Lindahl (1995) . 32 Scores have repeatedly correlated closely with clinical outcomes in previous series of multiple patient cohorts, 11, 26, 32 and a large pool of control data are available. 16 We have previously reported the long-term outcomes for bowel function for these patients with VF/ PF 17 and RUF, 18 and now the data from this survey were reviewed in relation to the presence or absence of SCAs. A BFS of ≥ 17/20, achieved by ≥ 90% of nearly 600 controls, was taken as the lower limit of normal. 16 Participants also answered a detailed questionnaire on LUTS, which inquired about a history of urinary tract infection (UTI) (yes/no) and occurrence of urinary urgency, urge incontinence, stress incontinence, straining to begin urination, and leakage of urine without physical activity or apparent need to urinate (response scales: never/seldom/often/ always), based on items adapted from the previously validated Danish Prostatic Symptom Score.
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Statistical analysis
Data are presented as the median and range. Categorical variables were compared using Fisher's exact test, and continuous variables using the Mann-Whitney U-test. A 2-tailed p value < 0.05 was considered statistically significant.
results
Patient characteristics
The main patient characteristics are shown in Fig. 1 . Of a total of 89 eligible patients (median age 15 years, range 5-29 years), spinal cord MRI was available in 80 (90%; 50% male). The median age at MRI was 6 years (range 1.5-28 years). All males with RUF had undergone repair of the ARM with posterior sagittal anorectoplasty (PSARP) under colostomy cover at a median age of 3 months (range 2-24 months). All females with VF/PF had undergone anterior sagittal anorectoplasty (ASARP) at a median age of 3.5 months (range 0.1-48 months); 50% of females with a covering colostomy. Four patients (5%; 3 with a normal spinal cord, 1 with low CM) had undergone uncomplicated operative correction of scoliosis: 1 male with RUF due to a lumbar hemivertebra, and 3 others (2 males with RUF and 1 female with VF) due to cervicothoracic malsegmentation. No patient in our series had undergone any form of spinal neurosurgical intervention such as detethering surgery; all SCAs had been expectantly managed.
Survey respondents and nonrespondents
Sixty-four patients with normal cognition (83%; 43% of whom were males with RUF) returned the survey on functional outcomes, as shown in Fig. 1 . No patients were lost to follow-up. The same surgical team had treated and followed up with all patients in this series from birth. Patients with isolated filum terminale lipomas had been assessed clinically by their consultant pediatric surgeon for any symptoms or signs of lower-limb neurological abnormalities at each follow-up appointment for the ARM. Patients with low CM and/or syrinx additionally underwent regular review by a pediatric neurologist. The median age of the 13 nonrespondents (62% of whom were males with RUF; 82% had prostatic fistula) was 21 years (range 16-28 years; p = not significant [NS] vs respondents for all comparisons). The operative treatment by type of ARM and follow-up had been the same as for respondents. Spinal cord anomalies were present in 3 cases (23%), and mild sacral dysplasia (defined as 3-4 segments remaining) af-fected 2 patients (15%; p = NS vs respondents for these comparisons).
Prevalence of Scas
The data regarding prevalence of SCAs among patients with available imaging (n = 80) and by type of ARM are shown in Table 1 . Although SCAs affected more females with VF/PF (40%; n = 16) than males with RUF (28%; n = 11) in our cohort, the difference was not statistically significant (p = 0.22). The most common abnormality was a filum terminale lipoma in 30% (n = 24) of patients. A low-lying CM, up to the upper endplate or body of L-3, was present in 8 cases (10%). This was associated with a filum terminale lipoma in 6/8 (75%) cases and a thoracolumbar syrinx in 3 (38%) cases. Four of 5 patients (80%) with thoracolumbar syrinx had an associated low-lying CM and/or filum terminale lipoma. Mild sacral dysplasia (3-4 segments remaining) was more common among patients with SCAs (37% [n = 10]) than in patients with a normal spinal cord (15% [n = 8]; p = 0.045). The median ages of patients with SCAs and those with a normal spinal cord were comparable (15 years, range 5-29 years in both groups; p = 0.79).
Scas and bowel Functional outcomes
The controlled bowel functional outcomes in relation to the presence or absence of SCAs, by type of ARM and for the overall cohort, are shown in Table 2 . There was no significant difference in the prevalence of soiling, constipation, fecal accidents, requirement for antegrade continence enema (ACE) bowel management, or median BFS between patients with SCAs and patients with a normal spinal cord (p ≥ 0.10). The proportion of patients with no bowel symptoms was also comparable between patients with SCAs and those without (30% [n = 7/23] vs 22% [n = 9/41]; p = 0.55). The median BFS between patients with SCAs and a mildly dysplastic sacrum (15, range 7-20) and patients with SCAs but a normal sacrum (16, range [13] [14] [15] [16] [17] [18] [19] [20] was not significantly different (p = 0.71). The 2 patients with SCAs and ACE conduits both had a normal sacrum.
Scas and Prevalence of lUtS and vUr
As shown in Table 3 , there was no significant difference in the prevalence of urinary urge, incontinence of any kind, or straining among patients with SCAs compared with patients without SCAs, whether grouped by ARM or overall (p ≥ 0.10 for all). A history of ≥ 1 UTI was significantly more common both among patients with SCAs overall (56% [n = 13/23] ]; p = 0.13), the difference was not statistically significant for either in our series. Among respondents with SCAs (n = 23), the proportion who were free from LUTS was not significantly different between patients with a mildly dysplastic sacrum (22% [n = 2/9]) and those with a normal sacrum (14% [n = 2/14]; p = 1.00).
controlled outcomes in Patients with Scas Followed for > 12 years
The controlled outcomes for bowel function and LUTS among patients with SCAs followed up for > 12 years (n = 13) are shown in Table 4 . By this time, there was no significant difference compared with patients without SCAs for any functional parameter, including UTIs (p ≥ 0.25 for all).
outcomes in respondents with cM termination below the l-2 endplate
The outcomes among the 6 respondents with CM termination inferior to the L-2 endplate (33% RUF; median age 9 [range 6-28] years vs 15 [range years in patients without SCAs; p = 0.25) were further analyzed as a subgroup. Two patients with low CM had RUF and were only 5 years old at the time of the survey. Four patients (67%) had an associated lipoma of the filum terminale. As shown in Table 5 
neurological outcomes
During the follow-up period, no patient with or without SCAs developed leg pain or neurological abnormalities in the lower limbs.
Discussion
This study represents a systematic attempt to compare the prevalence of LUTS and bowel symptoms between patients with ARM in whom SCAs were conservatively managed and patients with the same types of ARM but a normal spinal cord after long-term follow-up. Our study showed that functional bladder and bowel symptoms were common in both groups, and suggested that the prevalence of these symptoms may not be significantly different among patients with ARM in whom SCAs are completely expectantly managed, compared with those patients who have an ARM only. This information is valuable, because prophylactic neurosurgical intervention is practiced in some centers. 39 To our knowledge, our series represents the largest controlled long-term follow-up study to date of conservatively managed SCAs in the select population of patients with ARM described. Among the strengths of our study are a 90% spinal MRI availability and an 83% response rate to the questionnaire survey. An independent investigator also conducted the functional outcomes survey, and the pediatric radiologist who reviewed the imaging was blind to the clinical details and outcome. There was no statistically significant difference in the essential patient characteristics between survey respondents and nonrespondents, which reduces the possibility of selection bias affecting the results. Patients had been followed up from birth.
Our results confirm the findings of others 5,14,34 that SCAs, and filum terminale lipomas in particular, are common among patients with ARMs (Table 1) . Importantly, our results suggest that the natural history of SCAs in those among our cohort of 64 patients with VF/PF or RUF who had mild or no sacral dysplasia (3-4 segments remaining) was benign and nonprogressive. Although there is very limited data available on conservatively managed SCAs among patients with ARMs, other investigators have also reported on patients with ARMs who have presented with morphological cord tethering and who have remained entirely stable during clinical follow-up. 21, 37 Likewise, although studies in patients with ARMs are not available, in 32 cases of idiopathic syrinx in children, the patients remained asymptomatic, stable, or improved under conservative follow-up in 91% of cases in one combined-center study. 22 In our series, the prevalence of functional bowel symptoms and LUTS, apart from UTIs, was entirely comparable between patients with ARM who have SCAs compared with those with a normal spinal cord. The higher prevalence of UTIs in the SCA group overall (56% [n = 13/23] vs 24% [n = 10/41]; p = 0.01; did not find any association between the LUTS profile and the presence or absence of SCAs. 38 Our data did not demonstrate any effect from mild sacral dysplasia on the overall BFS or prevalence of LUTS.
The term tethered cord syndrome (TCS) refers to a condition arising from traction on the spinal cord. 6, 21, 30 It represents both an individual diagnosis and a combination of signs and symptoms, including bladder and bowel dysfunction and orthopedic effects such as pain radiating to the lower limbs and progressive lower-limb palsy. 30, 35 Morphologically, its appearance entails termination of the CM below the L-2 vertebra in both adults and children, 6, 13, 42 although clinical signs consistent with TCS have also been described in association with isolated filum terminale lipomas 23 and thickening of the filum terminale > 2 mm and a normally positioned CM. 6, 28, 31 Conversely, filum terminale lipomas or thickening have been reported in 6%-17% of normal subjects. 23, 30 It should be noted that CM termination up to the body of L-3 is sometimes found in normal neonates and does not automatically equate to anatomical abnormality in this age group. 7, 42 Correlation of the radiological findings with clinical symptoms is essential for the diagnosis of TCS. 6 Among patients with ARM, however, LUTS and bowel symptoms are generally common anyway, 10, 29, 38 and are not only limited to patients with SCAs. The results of the current series of patients with ARM who had mild or no sacral dysplasia did not suggest an effect from the radiologically observed SCAs on bowel function and overall LUTS profile during long-term follow-up. Apart from UTIs, there was no significant difference in the prevalence of LUTS (Table 3) or impairment of fecal control (Table 2) between patients with SCAs and those with a normal spinal cord (p = NS for all). This did not alter with increasing age (Table 4) , or even among patients with low CM (Table 5) , although the data for low CM are based on small patient numbers and should therefore be interpreted with some caution. Bowel functional symptoms are generally more prevalent among patients with RUF who are < 12 years of age than in teenagers, 18 and 2/6 patients with low CM had RUF and were only 5 years old at the time of the survey. Termination of the CM below the body of L-3 was not observed in this cohort.
No patient with SCAs in our series developed leg pain or lower-limb neurological impairment over the follow-up period of up to 29 years. The somatosensory evoked potential studies performed in patients with low CM confirmed the clinical impressions. It has been previously suggested that motor and neurological symptoms attributable to TCS affect < 2% of all patients with ARMs. 40 Although severe sacral defects such as total agenesis, hemisacrum, or caudal regression and meningomyelocele are associated with significant clinical manifestations of spinal dysraphism, 15 these conditions do not affect the majority of patients with ARMs, and hence should be studied and considered separately.
An important limitation to acknowledge in our study is patient numbers, particularly for patients with low CM, which opens the possibility of Type II error in the results. The problem of numbers is a limitation of practically all single-center studies of patients with ARM, because of the relative rarity of ARMs. Patients with cloacal malformations were also not studied here, but will form part of our future work. Unfortunately, we were unable to include patients with milder forms of ARMs due to incomplete MRI records for this population. However, we have previously shown that over time bowel function and LUTS become comparable to the general population in the vast majority of these patients with appropriate aftercare, 19, 20 and the gaps in records are mostly related to an absence of clinical symptoms that would have prompted investigation. There is also no reason to believe that SCAs in patients with mild ARMs would exhibit a different clinical course from SCAs in patients with more severe malformations, although further multicenter studies involving larger numbers of patients are needed to confirm this and our current findings.
There are only a few series examining the outcomes of detethering procedures specifically in patients with ARM, and these have not suggested any evidence that operative intervention improves the bladder and bowel symptoms in these patients. 3, 12, 21, 39, 41, 43 However, alleviation of limb motor and sensory symptoms in at least a proportion of patients has been reported by several investigators, and surgery may have a role in these carefully selected cases. 21, 37, 41 The results of our current study favor a conservative approach to the management of SCAs in patients with ARM who have mild or no sacral dysplasia (≥ 3 segments remaining) and no limb motor or sensory dysfunction.
In terms of screening, spinal ultrasound during the neonatal period forms part of our routine management in all patients with ARMs. Whole-spine MRI screening has been systematically practiced for patients with moderate to severe ARMs during childhood, and among patients with milder ARMs to a lesser extent. Because this is a retrospective series, MR scanning had been performed at varying ages-but in all cases at an age at which the CM position should have been established. Although lowerlimb neurological abnormalities did not develop among our patient population and our management approach has been conservative, regular neurological surveillance of patients with ARM in whom SCAs are present remains advisable.
conclusions
Our controlled, cross-sectional study suggests that the long-term functional outcomes for SCAs among patients with VF/PF and RUF who have SCAs and minor or no sacral dysplasia were not significantly different from those in patients with the same type of ARMs but a normal spinal cord after conservative, expectant management. The results support a nonoperative approach to management in the absence of neurological abnormalities of the lower limbs, but further multicenter studies are needed to confirm findings. 
